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Figure 1: Shapes rendered with oriental brush strokes. The brush trajectory is estimated by minimizing an energy
function. Then, oriental ink painting style is generated by direct brush texture mapping.
Abstract
In this paper, we present a smart sketch-based algorithm
for simulating Oriental brush strokes on shapes. The
user inputs the contours of the shape to paint. The sys-
tem first estimates automatically the optimal trajectory
of the brush, and then renders the shape into Oriental
ink painting style by direct brush texture mapping. We
formulate the problem of optimal brush trajectory esti-
mation as the minimization of an energy function. This
energy function depends on the attributes of motion in-
ertia of a brush, such as the variations in rotation, size,
and angular velocity of the brush along a trajectory. Ex-
periments on complex shapes show that our algorithm
is able to generate smooth and natural looking oriental
brush strokes.
Keywords: User interface, Non-photorealistic render-
ing, Dynamic Programming.
1 Introduction
Oriental ink painting is a highly abstract artistic style for
depicting a scene, in contrast to realistic rendering that
uses real tone, light and color. Probably one of the old-
est continuous artistic brushwork and particularly very
popular in Asian countries, Oriental ink painting is en-
trusted with the deep significance by the painter to con-
vey his emotions and feelings using simple but powerful
strokes on a brushwork.
Unlike western painting styles such as water color paint-
ing, oil painting and gouache, oriental ink painting uses
few strokes to represent an object. Each stroke conveys
as much information as possible about the scene. In Fig-
ure 1 for example, the texture of a dry brush shows the
overlap of feathers, and the shape of a stroke describes
the structure of the feather. The appearance of a stroke
in Oriental ink painting depends on the brush trajectory
and the pigment distribution in the brush.
In this paper, we propose a shape-driven brush stroke
synthesis, an interactive method where the user inputs
contours to represent shapes, and the system automat-
ically renders them into oriental ink painting. Unlike
previous work [Xu et al. 2003; Chu 2004] where the
brush trajectory is given as input, our algorithm au-
tomatically estimates this trajectory given as input the
shape to paint.
The system first estimates automatically the optimal tra-
jectory of the brush, and then renders the shape into ori-
ental ink painting style by direct brush texture mapping.
We formulate the problem of optimal brush trajectory
estimation, within each elementary part, as the mini-
mization of an energy function that depends on the at-
tributes of the motion inertia of a brush, such as the vari-
ations in the rotation, size, and angular velocity along a
trajectory.
The remaining parts of the paper are organized as fol-
lows. After reviewing related work (Section 1.1) and the
main contributions of the paper (Section 1.2), we simu-
late the formulation of the trajectory as a optimization
problem in Section 2. Section 3 describes the rendering
method of Oriental ink painting. Section 4 shows the re-
sults of our method and comparison. We conclude and
outline future directions of research in Section 5.
1.1 Related work
Existing methods for simulating Oriental brush strokes
can be classified into two major directions: (1) methods
that explicitly model a virtual 3D brush, and (2) methods
that simulate the rendering effect directly on a 2D canvas
without an explicit 3D model of the brush.
A virtual 3D brush incorporates several physical mod-
els, such as models of the structure of the hair, its plas-
ticity, and the model of the ink flow [Chu and Tai 2005;
Wang 2007], to mimic the real effect of a brush. This
gives users natural feeling and allows to manually paint
on a virtual paper as they hold a pen-like device [Saito
and Nakajima 1999; Chu and Tai 2002; Xu et al. 2003].
However, controlling automatically a virtual brush with
six degrees of freedom is complex which makes the
shape of the drawn stroke very hard to predict by users.
On the other hand, methods that simulate the render-
ing effect directly on a 2D canvas avoid this high di-
mensional complexity. They are widely used in image
rendering. For example, [Healey et al. 2004] proposed
techniques from master paintings and human percep-
tion to visualize a multidimensional dataset into a brush
strokes painting. [Gooch et al. 2002] takes a raster im-
age as input and produces a painting-like image com-
posed of strokes rather than pixel by pixel.
[Strassmann 1986] and [Guo and Kunii 2003] intro-
duced methods to synthesize brush stroke texture where
the parameters are set on stroke spine lines. These meth-
ods require tuning several parameters, which is very
time consuming. To avoid inputting many control data,
[Okabe 2007] derive the brush stroke from a 2D trajec-
tory line. This technique is based on modeling the brush
footprint characteristics using Hidden Markov Models
(HMM) trained with data obtained from a real brush.
It reduces the number of input parameters required in
previous work. However, users have no control on the
outlines of the strokes.
1.2 Overview and contributions
We introduce a new method to synthesize Oriental brush
strokes with outline shapes specified by the user. The
approach is interactive where the use inputs the contours
of the shape to paint. The system estimates automati-
cally the optimal trajectory of the brush, and then ren-
ders the shape into oriental ink painting style. It operates
in two steps:
• Optimal brush trajectory estimation: we formu-
late the problem of optimal brush trajectory esti-
mation as the minimization of an energy function
which depends on the attributes of motion inertia
of a brush and the friction between a brush and a
paper, such as the variations in the rotation, size,
and angular velocity of the brush along a trajectory.
• Oriental ink painting style: the rendering of the
estimated optimal brush trajectories into oriental
ink painting style is done by direct brush texture
mapping. We use scanned images of real brush
footprints representing six basic strokes defined
by the elemental manipulation of drawing strokes
(dry-ink stroke, full-ink stroke, first-half hollow
stroke, latter half hollow stroke, middle hollow
stroke and both ends hollow stroke).
The novelty introduced in this paper lies in that we es-
timate the trajectory of the brush given contours of the
shape the user would like to convert into oriental brush
painting style. Previous works require the trajectory of
the brush to be specified by the user. Our algorithm au-
tomatically estimates this trajectory. Figure 1 shows two
results generated by our algorithm.
2 Brush Trajectory Estimation
The user inputs a pair of red and green outlines as a
target stroke shape. Each input line should be drawn
following the direction of expected stroke. Our sys-
tem records point series on the outline for estimating
the brush trajectory following the drawing tendency of
the proposed target stroke. As shown in Figure 2 (a),
each side of red or green outline is drawn separately.
The start (or end) points on both side outlines can either
be connected or keep a certain distance. Consider Fig-
ure 2 (d), (e), (f) and (g) as examples, the start and end
points keep certain distance between them in (e) and (f),
the start points are joined in (e) but far away in (f). The
aim of keeping certain distance between two start or end
points is to give the input of expected stroke shape with
big end.
The region of the shape is divided into thin slices in Fig-
(a) (b) (c) (d) (e) (f) (g)
Figure 2: (a) The slices of outlines. (b) The model of a footprint. (c) Sampling possible trajectories with blue, pink
and golden color. The estimated series of footprints with (d) both small start and end footprints, (e) a small start
footprint and a big end footprint, (f) both big start and end footprints, (g) both small start and end footprints.
ure 2 (a). The slices are produced as the links between
two sampling points on the two color outlines. The num-
ber of sampling points for each outline are equal. There
are a certain number (13 in Figure 2 (a)) candidate po-
sitions for footprints on a slice. The start point of the
drawing trajectory of footprints is one of the candidates
on first slice. the end point is one of candidates on the
last slice in Figure 2 (a). The start point and the last
point are determined by our optimization algorithm.
2.1 Footprint Layout
We model the footprint by a disc of radius r and center
C, and a line segment C to T , the tip of a footprint. The
length of this line is |CT | = 3r in Figure 2 (b). The
center of gravity of the footprint is given by the disc
center C of the footprint.
There are several rules for drawing Oriental painting
strokes. They can be classified into two main categories,
Sokuhitsu and Chokuhitsu. These two kinds of strokes
generate different effects of texture of strokes.
• Sokuhitsu: In the style of Sokuhitsu, the tip of the
brush tufts is in one side of the stroke. The tufts of a
brush offset the skeleton of the stroke and maintain
a large angle with the direction of the stroke. The
stroke is generated with diversified texture.
In order to fill a stroke region, the disc of a footprint
should contact with one boundary and the line seg-
ment ending T also should contact with the other
boundary simultaneously. The disc of a footprint
can contact with either a green or red line as well
as T . In this condition, for a footprint fi,j of cen-
ter gravity is at the ith candidate position on the
jth slice, one or two sets of a footprint size and an
orientation are given. If two sets are derived, we
choose one whose orientation is close to the ori-
entation of the previous footprint. Therefore, an
unique footprint shape and orientation is given to
each fi,j as shown in Figure 2 (d), (e) and (f).
• Chokuhitsu: This is the basic style in Oriental ink
painting. The brush tufts follow the direction of the
stroke. As the tufts is soft, the tip of tufts travels
around the skeleton of the stroke during drawing.
In order to fill a stroke region, the disc of a foot-
print should touch as much as possible both sides
of outlines. The line segment end T should also
be around the skeleton of the stroke. As same as
Sokuhitsu, we choose the unique footprint whose
orientation is close to the previous as shown in Fig-
ure 2 (g).
2.2 Optimal Trajectory Simulation
When a brush draws from a footprint fi,j to some foot-
print on the next slice, there are three choices as the next
position fi−1,j+1, fi,j+1 and fi+1,j+1 that the footprint
has to move to the next without jumping. Therefore, the
number of possible footprint trajectories is 3l · n, where
l is the slice number and n is the number of candidates
on each slice.
Using the DP method, we calculate the global opti-
mal footprint series with the transition minimum energy
function described in Equation (1).
E(fi,j) = min
x∈{i−1,i,i+1}
{E(fx,j−1) + D(fi,j , fx,j−1)} (1)
where D(fi,j , fi,j−1) is the function to calculate the dif-
ference between neighbor footprints at fi,j and fx,j−1.
D(fi,j , fx,j−1) = a1∆θ + a2∆r + a3∆ω (2)
+a4∆α + a5∆d ,
where a1, a2, a3, a4 and a5 are weight coefficients and
∆θ, ∆R, ∆ω, ∆α ,and ∆d are differences. The defini-
tion of these five terms depends on the attributes of mo-
tion inertia of a brush and the friction between a brush
and a paper.
a) ∆θ measures the difference of the orientation.
∆θ = |ki,j − kx,j−1| (3)
where k means the orientation of a footprint.
b) ∆r measures the difference of footprints’ sizes be-
tween fi,j and fx,j−1.
∆r =
{ |ri,j−rx,j−1|
|ri,j |+|rx,j−1| ,ri,j 6= 0 and rx,j−1 6= 0
0 , otherwise;
(4)
where r is a radius of a footprint disc.
c) ∆ω is the change of angular velocity between
neighbor footprints. This term measures how jit-
ter the drawing trajectory is.
∆ω = |ωi,j − ωx,j−1| (5)
where ωi,j = θi,j/∆t, where θi,j is the deflection
angle from the extension line of Cy,j−2Cx,j−1 to
Cx,j−1Ci,j , where y ∈ {x− 1, x, x + 1} and ∆t is
the unit time.
d) ∆α measures the difference of the offset angle be-
tween fi,j and fx,j−1.
∆α = |αi,j − αx,j−1| (6)
where αi,j is the offset angle of Ci,jTi,j from
Ci,jCx,j−1 in Figure 2 (d).







|Ti,jTx,j−1|+|Tx,j−1Ty,j−2| ,|Ti,jTx,j−1| 6= 0
|Tx,j−1Ty,j−2| 6= 0
0 , otherwise (7)
where |Ti,jTx,j−1| means the Cartesian distance
between Ti,j and Tx,j−1.
3 Oriental ink painting style
For rendering the series of footprints with Oriental ink
painting style, we use direct brush texture mapping
method introduced by [Okabe 2007]. The real scanned
footprint images in Figure 3 are used to generate the re-
alistic appearance of brush strokes. We apply an affine
transformation of real footprint images to map into the
trajectory of footprints according to the footprint shapes
and orientations derived by the DP method.
For getting strokes with smooth various texture, each
pixel on the resulting stroke textures is linked by couple
points on two-sides sampling textures using B-Spline.
Figure 3: Sampling real scanned footprint images.
From the top left to the lower right corner, the contains
of ink of hollow strokes are falling continually.
Our system provides six kinds of basic stroke styles ac-
cording to the basic manipulation of drawing strokes.
The effect of the specific style is determined by how to
change the pressure to the paper when drawing a stroke.
In our implementation, we assemble different sequences
of real scanned footprint images for rendering various
styles. For example, the style in Figure 4 (a) uses the
sequence of scanned footprint images in Figure 3 from
the top left to the lower right; the style in Figure 4 (d)
follows the sequence in Figure 3 from the lower right
back to the top left.
4 Results
The stroke texture is generated following its series of
footprints. Figure 5 (b) shows that our method works
well for getting smooth changes series of footprints. In
the given shapes by user input as Figure 5 (a), these
series of footprints rendered by Oriental ink style are
shown in Figure 5 (c). The result in the 2nd row (c)
rendered with much more dry effect than others. The
3rd row result is different from others. The green line is
much shorter than the red line obviously. By this way,
the tendency of trajectory should be a circle. Figure 6
shows the result of Sokuhitsu and Chokuhitsu stroke ef-
fect. The right side of Figure 7 shows dry brush draw-
ings synthesized from the left side input. Figure 8 (a)
is the key point of this painting that only few strokes
are drawn. However, we use the dry brush strokes and
vacuum to express the 3D shape of the gourd and light
(a) (b) (c) (d) (e) (f)
Figure 4: Six basic styles of strokes in our system. (a) The default style, latter half hollow stroke. (b) Full-ink stroke.
(c)Dry-ink stroke. (d) First-half hollow stroke. (e) Both ends hollow stroke. (f) Middle hollow stroke.
source information. It gives expression of the essence of
Oriental ink painting, abstraction.
Our method can also render other kind of painting in
Figure 9. The gouache texture of the footprint is used
to render the estimated series of footprints. The contin-
uous variation of stroke texture reflects the trajectory of
stroke.
(a) Inputs (b) The series of footprints (c) Results
Figure 5: The results of a single stroke.
Figure 6: Upper two rows: Sokuhitsu estimated se-
ries of footprints and result stroke. Bottom two rows:
Chokuhitsu estimated series of footprints and result
stroke.
5 Conclusion
We present a high practical sketch-based interactive
method for generating strokes Oriental ink painting
strokes. Comparing with the previous work for render-
ing a input line, our method lets user defines the tar-
get shape of a stroke. The advantage is to insure result
stroke shapes as same as users’ expectation of input.
Our method are not unique for the sketch-based inter-
face to draw strokes by user, and further more, we prefer
to shape-driven automatic drawing, such as a numerous
robot on stroke-based painting drawing.
In the future, we would like to address the following
issues: (1) Shape decomposition should be extend the
scope of complex shape from the shape of a target stroke
into include shapes of real object such as leaves; (2) It is
essential to find the smooth transform trajectory among
the elementary drawable parts; (3) We plan to do the
simulation of the pigment-water solution, such as a new
pigment mixing method and pigment diffusion and sorp-
tion processes such as [Xu et al. 2007; Wang 2007].
However, the difference is that we focus on the pigment
specific to mineral substance pigment of traditional Ori-
ental ink painting with peculiar attribution of mixing,
diffusion and sorption.
(a)Inputs (b)Results
Figure 7: The results of our algorithm, a flower and a
golden fish.
Figure 8: The result of our algorithm: the gourd.
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